ABSTRACT
Introduction
The Acute Renal Failure (ARF) caused by renal ischemia is among the most common clinical problems associated with high mortality and morbidity 1 and is characterized by the abrupt decline in renal function, which lasts for variable periods, resulting in renal failure on its basic functions of excretion and maintenance of electrolyte homeostasis.
Complex pathological changes occur in different cellular systems during ischemia. Over time, these changes are increased in intensity, eventually reaching critical biochemical and structural components, resulting in cell death. However, the injury is recoverable within a period that varies among the different types of cells and thus, the affected cells can recover if oxygen and metabolic substrates are offered again, restoring blood flow.
The reperfusion syndrome is characterized by metabolic acidosis; hyperkalemia caused by the loss of intracellular potassium and increased serum creatinine. Coagulation disorders, extracellular fluid accumulation and acute pulmonary distress can result in acute renal failure 2 . Some changes may be fatal to the cell, such as mitochondrial calcifications, nuclear pyknosis, chromatin marginalization and rupture of cell membrane. Some of these changes result from apoptosis, which is a form of cell death destined to eliminate unwanted host cells through the activation of a series of coordinated, internally programmed events executed by a unique set of gene products.
Caspases constitute a group of essential protease for apoptosis that performs the irreversible cleavage of DNA. Were considered anesthetized rats showed immobility, inability to straighten the body, and no reaction to painful stimuli.
Study phases
Animals were submitted to an orogastric tube. 
Timing for ischemia
After ligation of the renal pedicle, the time of ischemia started to be measured and was proceeded by the laparotomy closure. Relaparotomy was performed one hour after ischemia for removal of the renal pedicle ligature and subsequent laparotomy resuture.
Timing for reperfusion
Right after the removal of the pedicle ligature, the time of reperfusion started to be measured: twenty-four hours. Two animals were excluded from the earlier stages of the experiment because they died before the end of reperfusion time. Twenty-six animals were subjected to a second stage and were kept in the study.
Effects of vardenafil on the kidney of Wistar rats submitted to acute ischemia and reperfusion
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The animals were anesthetized and the left nephrectomy was performed, followed by euthanasia.
The euthanasia method chosen was the exsanguination.
The left kidney was identified and fixed in 10% buffered formalin for paraffin embedding. One part was used for histological analysis and another in immunohistochemical analysis.
Histological and immunohistochemical analysis
Histological variables examined in the kidney included: Ten non-overlapping microscopic fields from each sample were analyzed, being increased on 400 times for the quantification of histological variables. The results of all variables were semiquantitatively expressed as percentage, according to the expression ratio of the changes in relation to the total observed, as follows: 0=absent, 1=less than 10%, 2=11% to 25%, 3=26% to 50%, 4=more than 51%. 
Results
Histological assessment
The vacuolar degeneration histological change was statistically significant in the group receiving vardenafil.
Vardenafil Group
Saline 
Immunohistochemistry assessment
The expression of cleaved caspase-3 levels is shown in Tables 1 and 2 .
The results showed that the total number of cells undergoing quantified apoptosis by cleaved caspase-3 was lower in kidneys of animals receiving vardenafil with 24-hours of reperfusion. These differences were not statistically significant, but the quantification of cleaved caspase-3 by cytophotometry was statistically significant at p = 0.0055.
Discussion
The proposed model tries to reproduce a real situation to which the surgeon is often exposed, on trying to cause the least possible damage to both the physiological and renal histology when temporary renal ischemia is necessary for the surgical procedure.
Different substances have been used in experimental studies with the goal of protecting the kidney against the effects of ischemia/reperfusion 6 .
Among the most widely used, we find the phosphodiesterase-5 inhibitors; compounds which inhibit or antagonize the biosynthesis of that enzyme. The phosphodiesterase-5 is frequently and widely used in the treatment of pulmonary hypertension and erectile dysfunction in men [6] [7] .
In the literature, sildenafil citrate and sildenafil are the most commonly phosphodiesterase-5 inhibitors investigated for this purpose 8 . Vardenafil is a phosphodiesterase-5 which role is of inhibiting the increase on this enzyme increase and maintain levels of cGMP (cyclic guanosine monophosphate) in the smooth muscle of the penis, increasing the duration of erection.
Experimental studies have demonstrated that inhibitors of phosphodiesterase-5 had a protective effect against ischemic injury in animal models when used in other organs. Several experiments had models which were similar to those used in the present study, when investigating the effectiveness of other drugs on ischemia-reperfusion process.
A recently published study 5 using doses of 0.02; 0.2; 2 and 20μg/kg vardenafil concluded that there was a significant attenuation of the process of ischemia/reperfusion injury in the group treated with this drug when compared to the control group, with reduced levels of creatinine, histological score, sodium excretion and scintigraphic standard. However, these results were dependent on the vardenafil dose used. It is also noted that the author used an ischemia period of forty-five minutes and a reperfusion period of 4 hours and seventy-one rats.
The pathological alteration of vacuolar degeneration of tubular cells was statistically significant in the control group when compared to the vardenafil group. Necrosis was also higher in the control group, though not significant. Creatinine results were slightly higher in the vardenafil group, but not statistically significant.
The cleaved caspase-3 expression obtained by manual and digital methods (cytophotometry) 9 has been currently used.
By the manual method, the expression was lower in the vardenafil group with twenty-four hours of reperfusion, but not statistically significant. This fact may suggest a trend for protection of vardenafil on the renal cell injury through 24 hours of reperfusion, and therefore, the assessment through the Cytophotometry method was statistically significant. The explanation for the imaging method having been statistically more significant than the manual method is because of its higher specificity.
Conclusion
Vardenafil showed a protective effect on kidney of rats subjected to acute ischemia and reperfusion in the model under study.
